ARENT vessel occlusion is responsible for a major decrease in blood flow within an aneurysm and may be a therapeutic alternative when the malformation cannot be clipped or selectively embolized. We applied such a therapeutic modality by obstructing both posterior communicating arteries (PCoAs) in the case of a ruptured fusiform aneurysm of the superior third of the basilar artery (BA), which lacked the middle third of the vessel. The efficacy of the treatment was confirmed by shrinkage of the aneurysmal cavity demonstrated by follow-up magnetic resonance (MR) imaging and angiographic studies.
ߜ A case involving the absence of the midthird portion of the basilar artery (BA) associated with a ruptured fusiform aneurysm of the superior third of the basilar artery discovered after a subarachnoid hemorrhage is reported. Surgical clipping was precluded by the anatomical conditions. The aneurysm was treated by occlusion (surgical clipping and balloon occlusion) of both posterior communicating arteries to decrease the hemodynamic stress on the aneurysm wall. The pericerebellar arterial network was allowed to supply the distal BA and its collateral vessels indirectly. This treatment proved to be efficient; angiography and magnetic resonance imaging demonstrated shrinkage of the aneurysm cavity. The absence of the midthird of the BA is usually associated with a persisting trigeminal artery (nonexistent in this case) or disclosed in cases of acute BA occlusion in dramatic clinical conditions. A similar anatomical feature has been described only once before. There may be a segmental maldevelopment of the longitudinal neural arteries during embryogenesis or a defect in fusion of these paired structures during the development of the BA itself.
Considering the lack of an aneurysm neck and the proximity to the origin of the PCAs and SCAs, surgical clipping was precluded. Posterior communicating artery occlusion was therefore proposed to decrease the hemodynamic stress applied on the aneurysm wall. Treatment was delayed for 3 weeks because neurological evaluation was impossible as long as the patient was comatose. His clinical status progressively improved, and his neurological responses became normal and reliable, allowing the performance of an endovascular occlusion test. Left and right internal carotid artery (ICA) temporary balloon occlusions, at the level of the PCoAs, were successively performed and were well tolerated.
First Operation. In view of the risks involved with a bilateral surgical approach to the PCoAs, we decided to limit surgery to one side and to perform endovascular occlusion on the opposite side. The choice of the left side for surgery was made with consideration of the origin of the anterior choroidal artery (AChA) from the right PCoA. This latter anatomical variant was judged to be at potentially higher surgical risk than the disposition on the left side. An endovascular approach was therefore made on the right side. Surgical clipping of the left PCoA was performed 24 hours after a temporary balloon occlusion test of the left ICA. First Postoperative Course. The patient's postoperative course was marked by thermal and behavioral disorders. Postoperative CT and MR imaging showed anterior thalamic infarction ( Fig. 3 ) probably due to occlusion of the collateral vessels following the clipping of the left PCoA. Follow-up angiography showed patency of the left AChA ( Fig. 4 ). In view of the small caliber of the right PCoA and the potential for catastrophic ischemic complications with intraluminal navigation and deposition of occluding material within this vessel, we considered the occlusion of the ICA at the level of the PCoA to be a safer method, although constituting a heavy vascular sacrifice.
Second Operation. Temporary occlusion of the right ICA was performed by a bilateral femoral approach 2 weeks after the first surgery according to the following protocol: with the patient mildly sedated and receiving heparin, a detachable balloon was positioned at the origin of the right PCoA. The right ICA territory was supplied by the left ICA via the anterior communicating artery ( Fig. 5 ). Clinical testing was performed every 5 minutes. Opacification of the vertebral arteries and of the left ICA allowed us to assess the patency of arterial collateral supplies; the pericerebellar arterial network made it possible to opacify the distal BA and its collateral vessels (Fig.  6 ). Visual, auditory, and somatosensory evoked potentials were recorded throughout the procedure. After 60 minutes, both neurological status and evoked potentials remained normal. Permanent ICA balloon occlusion was then performed.
Second Postoperative Course. To prevent extensive thrombosis within the lumen of the aneurysm, the patient continued to receive heparin therapy for 3 weeks. Six months after the SAH, the patient resumed his normal professional occupation. Six-month follow-up MR imaging demonstrated a decrease of the flow-related signal within the aneurysm cavity ( Fig. 7) and angiography performed 1 year posttreatment showed additional shrinkage (Fig. 8 ).
Discussion
The lack of patency of the middle portion of the BA was considered to be secondary to one of the following potential causes: acquired BA occlusion; spontaneous dissection of the BA; or partial agenesis of the BA.
Remote BA occlusion could not be completely ruled out, although MR imaging failed to disclose either ischemic lesions of the brainstem or associated vascular lesions. Similar angiographic features have already been widely described in acquired BA occlusion in children and adults. 2, 5, 7 In all such reported cases, however, a history of neurological deficit was always evident. Dissection of the middle third of the BA was considered because occlusion has been seen after SAH. However, SAH usual-ly complicates subadventitial dissection, with angiograms showing aneurysm dilation at the site of the lesion. 1 This hypothesis was rejected, however, because MR imaging failed to demonstrate any vascular signal and/or hematoma at the level of the midbasilar artery.
Basilar artery aplasia has previously been described by Lasjaunias, et al., 4 in a 15-year-old patient suffering from hydrocephalus. The BA abnormality was asymptomatic. The distal BA and collateral vessels were similarly supplied by the left PCoA, but the AICAs originated from the distal BA. Unlike in the case reported by Lasjaunias, et al., angiography failed to reveal any moyamoya network in our patient, but it did show a similar irregularly narrowed lumen at the transition zone between the patent and aplastic BA.
The embryological origin of this abnormality remains unknown. The most common cause of BA discontinuity is a persistent trigeminal artery, which was not found in our case. According to Padget 8 nal arteries, the BA is supplied cranially by the PCoAs and caudally by the vertebral arteries. In the adult stage, partial fusion of the LNAs may be seen at the caudal end of the BA, resulting in partially or completely duplicated or plexiform vessels. In our case, it can be hypothesized that an anomaly in the fusion of the LNAs may have led to discontinuity of the trunk of the future BA. Based on the morphological features of the aneurysm, we cannot confirm whether the dilation of the anterior aspect of the BA was part of a complex malformation. If this had been the case, the particular prevailing hemodynamic conditions might have induced a state of chronic stress on the vascular walls, leading finally to rupture. Another possible explanation may be in utero BA occlusion after the formation of a normal BA. This hypothesis may explain the lack of previous neurological symptoms.
Because of the absence of an aneurysm neck, we decided to reduce the main source of blood inflow to lower the pressure within the aneurysm. It should be kept in mind that the choice of surgical clipping of the left PCoA was motivated by the origin of the right AChA from the right PCoA (an unusual origin whose frequency is described in the literature). 10 Surgical clipping of both PCoAs was judged to be too invasive. Conversely, selective endovascular occlusion of the PCoAs is not, to our knowledge, a routine procedure; we have never seen a published report. In our case we considered the insertion of a detachable balloon beyond the origin of the AChA to be too hazardous. Furthermore, microcoils, which might have seemed more suitable, were rejected because of the risk of thrombosis of both the AChA and anterior diencephalic arteries. We therefore decided to interrupt the proximal flow by occluding the right ICA. We believed that with anticoagulation therapy, thrombosis of the right PCoA could be avoided with the help of persistent perfusion toward the territory supplied by the AChA.
The hemodynamic goal was finally achieved inasmuch as a shrinkage of the vessel lumen could be demonstrated on both digital subtraction angiography and MR followup studies.
Anterior thalamic artery infarction occurred following surgical clipping. Arterial supply to the thalamus via the PCoA has been demonstrated in 60% to 70% of the brains studied in a microvascular anatomical study by Percheron. 9 The anterior polar thalamic artery, a single well-individualized vessel, is visible in 21.6% of the PCoAs studied. This vessel originates from the middle third of the PCoA, regardless of its size. In case of extensive territory, this artery may supply the reticularis, lateralis and polaris nuclei, the paraventricular area, and a portion of the mamillothalamic tract. The vascular territory of the anterior polar thalamic artery is compatible with the area of infarction demonstrated on our postoperative MR imaging study. To our knowledge this vessel is not visible on angiography.
The leptomeningeal anastomoses of the cerebellar arteries were clearly demonstrated, indicating collateral blood supply to the distal BA. This relationship has been previously reported in anatomical 6 and clinicoangiographic studies. 2, 5 Nevertheless, radiographic demonstration of collateral supply cannot be considered absolute proof of primary circulation interruption tolerance. Therefore, additional data obtained by a prolonged clinical test and evoked potentials during right ICA occlusion were necessary; they proved to be reliable in view of the follow-up results.
In conclusion, by obstructing the PCoAs, we were able to decrease hemodynamic stress on a ruptured aneurysm that developed at the level of the distal third of the BA under unusual anatomical conditions. The efficiency of anastomoses of the pericerebellar arterial network as well as the shrinkage of the aneurysm cavity were well demonstrated. Nevertheless, the definitive benefit of this therapeutic modality in such a rare situation requires long-term confirmation by means of MR imaging studies and complementary angiography.
